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Introduction
In terrestrial climate zones, low bean yields are generally attributed to prominent climate conditions of the regions. Seed germination in beans largely depends on genotypes and quite a few genotypes are able to well-germinate at temperatures below 10 °C. In vegetables, low temperatures at root zone generate a stress in water absorption of the roots (Sakamoto and Suzuki, 2015) . Beans are generally sensitive to cold temperatures, thus germination rates and percentages decrease at low soil temperatures in spring. Water absorption damage increases because of rapid water intake and ultimately seedling formation greatly weakened. In cold climates, temperatures often go below 15 °C during the initial growth stages of the seedlings and such low temperatures then negatively influence seedling growth and development (Elkoca et al., 2005) . Plants develop different mechanism against cold stress-induced damages and ultimate die outs or to provide cold-tolerance. Exothermic effects of inner and intra cell frost formation on plants are categorized as physical changes in cell membranes throughout cold-stress period, cold resistance and acclimatization and biochemical changes throughout the cold acclimatization (changes in some soluble substances in plant extract, lipid composition of cell membranes, protein contents, enzyme activity and antioxidant systems (Aslantaş et al., 2010) .
Abiotic stress factors negatively affect several crops. Significant decreases were reported in photosynthesis rates and chlorophyll contents of pea plants when the plants were subjected to 45 °C temperature for 24 h (Georgieva et al., 2007) . Decreasing chlorophyll, K and Ca contents and increasing MDA, CAT, SOD and APX activities were reported for bean and tomato plants under drought and high temperatures (Terzi et al., 2010; Şensoy, 2016, 2017 ; Alp and Kabay, 2017) .
It was reported in a previous study investigating the effects of low temperature stress on physiological characteristics of tomato genotypes that cold stress reduced chlorophyll and dry matter content of young and old leaves and wakened antioxidative systems of the plants (Gökmen, 2006) . Low temperatures were reported to increase antioxidant enzyme and MDA content of rapeseed plants (Xian et al., 2017) . Low temperatures increase chlorophyll and weight losses of cabbages and increased reactive oxygen species (Soengas et al., 2018) .
It was indicated in another study carried out with cold stress-resistant and sensitive sugar cane cultivars that sensitive cultivar had greater root length and root volume than the resistant cultivar, but cell structure was destructed in both cultivars and cold stressinduced plants had greater MDA, proline, soluble sugar, soluble protein, POD and SOD activity than the control plants (Sun et al., 2017) .
It was reported in another study investigating the effects of cold stress on rye and wheat seedlings that cold stress increased antioxidant enzyme activities, proline, sugar and anthocyanins contents of both species (Kolupaev et al., 2016) .
Significant decreases were reported in malondialdehyde, proline, peroxidase and catalase activities of control and transgenic tomato plants under cold and low temperature stress (Yu et al., 2015) . Xintaimici and Jinyan cucumber (Cucumis sativus L.) cultivars were subjected to two different temperature regimes (15/15 °C and 25/18 °C) under low light intensity and significant increases were reported in leaf superoxide dismutase and guaiacol peroxidase activities of both cultivars and less increases were reported in leaf catalase activity (Xu et al., 2008) . Ogweno et al. (2009) reported different photosynthetic physiological responds of tomato leaves to moderate and low temperature stress. Huang et al. (2018) reported decreasing net photosynthetic rate and chlorophyll contents of Akihime and Benihoppe strawberry cultivars under cooling stress. Researchers also reported that foliar selenium (Se) sprays relieved the decrease in net photosynthetic rate and chlorophyll content and increased malondialdehyde and hydrogen peroxide content under stress conditions. Do et al. (2018) reported increasing ascorbate peroxidase (APX) and superoxide dismutase (SOD) activities of melon and pumpkin plants when they were subjected to 12/7 °C (day/night) low temperatures for 0-72 h. Li et al. (2018) reported that cold stress increased the accumulation of reactive oxygen species (ROS) and resulted in an oxidative stress, such a case then decreased photosynthetic processes of tea leaves, but melatonin treatments reduced antioxidant potential and oxidative stress and increased photosynthetic capacity. Bilska-kos et al. (2017) reported that low temperatures (14/12 °C) altered pectin content and osmatic potential of maize leaf cells and ultimately altered cell membrane composition. Zhou et al. (2017) reported significant decreases in fresh and dry weights, leaf areas and relative water contents of tomato cultivars under drought stress as compared to the control plants. While significant increases were reported in antioxidant compound quantities of tomato plants, decreases were reported in chlorophyll contents (Gökmen, 2006) . It was reported in study carried out to determine yield and total temperature demands of bean plants at different growth stages that the greatest yield was obtained from early July sowings and yields decreased as the sowing time approached to autumn (Yoldaş and Eşiyok, 2009). High and low temperatures (15/8, 20/13, 28/21, 33/23 and 36/26 °C) were applied to tomato plants and it was observed that temperature stress negatively influenced plant growth and development and nutrient uptake (Sung et al., 2015) .
This study was carried out to determine the effects of low temperature stress on enzyme activity, chlorophyll, K, Ca and Mg contents of low temperature tolerant (Yakutiye and Ç30) and sensitive (Zulbiye and Ç13) common bean (Phaseolus vulgaris L.) genotypes.
Materials and methods
This study was conducted to determine the effects of low temperature stress on common bean genotypes. The study carried out at the Greenhouses of Van Yuzuncu Yil University Erciş Vocational Collage of Turkey and the plant analyses were carried out at laboratories of the Agricultural Faculty of the same university. Catalase (CAT), super oxide dismutase (SOD), ascorbate peroxidase (APX) enzyme activities, malondialdehyde (MDA), chlorophyll-a, chlorophyll-b and total chlorophyll, K, Ca, and Mg ion contents of low temperature stress-resistant Yakutiye and Ç30 and low temperature stress-sensitive Zulbiye and Ç13 bean genotypes ( Fig. 1) 
Lipid peroxidation
Lipid peroxidation of the plants generally expressed as malondialdehyde (MDA) content. About 0.5 g leaf sample was homogenized in 10 ml 0.1% trichloric acid (TCA) and resultant homogenate was centrifuged at 15000 rpm for 5 min. About 1 ml was taken from the clear portion of the centrifuged sample and supplemented with 0,5% tiobarbituric acid (TBA) dissolved in 4 ml 20% TCA. The mixture was kept at 95 °C for 30 min and instantly cooled in ice-bath. Cooled sample was then centrifuged at 10000 rpm for 10 min and absorbance readings were performed in clear portion at 532 and 600 nm wave lengths. Antioxidative enzyme analyses About 1 g frozen leaf sample was homogenized in 5 ml cold 0.1 M Na-phosphate, 0.5 mM Na-EDTA and 1 mM ascorbic acid mixture (pH: 7.5) and the resultant homogenate was centrifuged at 18000 rpm and 4 °C for 30 min. Ascorbate peroxidase (AP) activity of the resultant homogenate was instantly determined. For catalase (CAT) and superoxide dismutase (SOD) activities, 1 g frozen leaf sample was homogenized in 5 ml cold 0.1 M Na-phosphate and 0.5 mM Na-EDTA mixture (pH: 7.5). Resultant homogenate was centrifuged at 18000 rpm and 4 °C for 30 min. A portion of homogenate was used to determine CAT activity instantly and the remaining portion was kept at -20 °C for SOD activity (Jebara et al., 2005; Bagcı, 2010) .
Catalase (CAT) activity
Catalase activity was determined through monitoring the inhibition of H2O2 at 240 nm. As the reaction solution, 0.05 M phosphate buffer (KH2PO4) and 1.5 mM H2O2 mixture was used (pH: 7.0). About 2.5 ml reaction solution was mixed with 0.2 ml plant extract. Readings were performed in a spectrophotometer at 0 and 60th seconds. Reaction was initiated with the addition of 0.1 ml enzyme extract. Assessments were made by taking the change in absorbance within a minute into consideration (Jebara et al., 2005; Bagcı, 2010) .
Superoxide dismutase (SOD) activity
SOD activity was determined through monitoring te inhibition of nitroblue tetrazolium (NBT) at 560 nm wave length. As a reaction solution, 50 mM Na-phosphate buffer (Na2HPO4 x H2O2), 0.1 mM Na-EDTA, 33 μM NBT, 5 μM riboflavin and 13 mM methionine mixture was used (pH: 7.0). About 2.5 ml reaction solution was mixed with 0.1 or 0.2 ml plant extract. Reaction was performed by keeping at 25 
Ascorbate peroxidase (APX) activity
Ascorbate peroxidase (APX) activity was measured through ascorbic acid-induced inhibition of H2O2 at 290 nm. As the reaction solution, 50 mM phosphate buffer (KH2PO4), 0.5 mM ascorbic acid, 0.1 mM EDTA and 1.5 mM H2O2 mixture was used (pH: 7.0). About 3 ml reaction solution was mixed with 0.1 ml plant extract. Readings were performed in a spectrophotometer at 290 nm in 0 and 60 th seconds. Reaction was initiated with 0.1 ml enzyme addition. Assessments were made by taking the changes in absorbance within a minute into consideration (Sairam et al., 2005) . 
Statistical analysis
Experiments were conducted in randomized plots -factorial experimental design. Experimental data were subjected to variance analysis and significant means were compared with Duncan's multiple range test (Yesilova and Denizhan, 2016) . Statistical analyses were performed by using SAS 9.4 software (SAS, 2018).
Results
In the present study, quite significant differences were observed between the control plants and cold stress-treated plants. Cold stress reduced chlorophyll a, chlorophyll-b and total chlorophyll contents and such decreases were greater in sensitive genotypes than in tolerant genotypes ( Tables 1-3) . Under low temperature stress, the greatest chlorophyll a, chlorophyll-b and total chlorophyll contents were obtained from the 1 Tables 1-3 ). Considering the effects of low temperature on total chlorophyll content, the greatest total chlorophyll content of 0.697 mg g (Table 3) . In control plants, chlorophyll a, chlorophyll b and total chlorophyll contents increased in all 4 periods. The period-dependent differences in chlorophyll contents of the control and low temperature treatments were found to be significant ( rd periods were not found to be significant ( Table 5) . 190%) were not found to be significant and they were all placed in the same statistical group, but Zulbiye (Z) bean genotype with an Mg content of 0.182% was found to be significantly different from the other genotypes ( Table 7) . Period-dependent differences in K, Ca and Mg contents of control and low temperature treatments were found to be significant ( Table 8 ). K contents of control groups were identified as Ç30: 3.41%, Ç13: 3.34%, Yakutiye: 3.29% and Zulbiye: 3.21% and K contents of low temperature treatments were identified as Ç30: 1.37%, Ç13: 1.29%, Yakutiye: 1.43% and Zulbiye: 1.40% ( Table 8 ). Significant differences were observed in MDA contents of the bean plants in 4 periods and increases were observed at the end of 4 th period as compared to the 1st period. Such increases were greater in low temperature sensitive bean genotypes ( Table 9) . Similar changes were also observed in CAT, SOD and APX antioxidative enzyme activities. Increases were observed in CAT, SOD and APX activities of the bean genotypes in 4 periods. Increases were greater in the 4 th period as compared to the 1 st period and increases were also greater in low temperature-sensitive bean genotypes (Tables 10-13 ). The changes in superoxide dismutase (SOD) activity of the bean genotypes under low temperature stress were not found to be significant in the 1 st period and they were all placed in the same statistical group. In the 2 nd period, Zulbiye (124.662 unit g -1 FW) and Ç13 (124.475 unit g -1 FW) bean genotypes were placed in the same statistical group and Yakutiye (116.510 unit g -1 FW) and Ç30 (116.015 unit g -1 FW) bean genotypes were placed in the same statistical group. In the 4 th period of low temperature stress, greater increases were observed in the SOD activities of Ç13 (157.812 unit g -1 FW) and Zulbiye (157.873 unit g -1 FW) genotypes (Table 10) . With regard to catalase (CAT) activity in the 1 st period of low temperature stress, Ç13 (0.178 mmol g -1 FW) and Zulbiye (0.176 mmol g -1 FW) bean genotypes were placed in the same statistical group, but Yakutiye (0.176 mmol g -1 FW) and Ç30 (0.172 mmol g -1 FW) bean genotypes were significantly different from the other genotypes. A slight increase was observed in CAT activities of the genotypes in the 2 nd period of low temperature stress, but differences in CAT activities of the genotypes, except for Ç13, were not found to be significant. In the 3 rd period of stress, Ç30 and Yakutiye genotypes had a CAT activity of 0.203 mmol g -1 FW, Ç13 genotypes had a CAT activity of 0.216 mmol g -1 FW and Zulbiye genotype had a value of 0.215 mmol g -1 FW. The differences among the genotypes were not significant, thus they were all placed in the sme statistical group. In the 4 th period of low temperature stress, the differences in CAT activities of the genotypes (Ç30: 0.217 mmol g -1 FW; Y: 0.224 mmol g -1 FW; Ç13: 0.244 mmol g -1 FW; Z: 0.245 mmol g -1 FW) were found to be significant (Table 11) . With regard to ascorbate peroxidase (APX) activity of the 1 st period, Ç13 (0.747 mmol g -1 FW) and Zulbiye (0.742 mmol g -1 FW) bean genotypes were placed in the same statistical group, thus the difference between them were not significant. Yakutiye (0.731 mmol g -1 FW) and Ç30 (0.759 mmol g -1 FW) bean genotypes were found to be significantly different from the other genotypes. In the 2 nd period of stress, there was a slight increase in APX activity of the sensitive and tolerant genotypes and the differences in APX activity of sensitive and tolerant genotypes were found to be significant. There were significant differences in APX activity of the genotypes in the 3 rd (Ç30: 0. (Table 12) .
Period-dependent differences in MDA, CAT, SOD and APX activity of control and low temperature treatments were found to be significant. in low temperature treatments. Significant findings were obtained for investigated parameters of present study both in control and low temperature stress treatments. Among the investigated parameters, decreases were observed in chlorophyll and ion contents of the genotypes in 4 periods and increases were observed in MDA, CAT, SOD and APX activity of the genotypes. The differences between the genotypes and between the periods were found to be significant.
Discussion
Some significant recession is observed in plant growth and development under low temperatures. This recession is greater in low temperature-sensitive genotypes. In the present study, changes in chlorophyll, K, Ca, and Mg contents and lipid peroxidation (MDA), catalase (CAT), superoxide dismutase (SOD) and ascorbate peroxidase (APX) activities of low temperature-tolerant and sensitive bean (Phaseolus vulgaris) genotypes were investigated in four different periods of low temperature stress. Present findings were quite similar with the findings of the earlier studies.
There were decreases in chlorophyll a, chlorophyll b and total chlorophyll contents of tolerant and sensitive genotypes in four periods (Tables 1-3 ). Such decreases were greater in low temperature sensitive Ç13 and Zulbiye (Z) genotypes than in low temperature-tolerant Ç30 and Yakutiye (Y) bean genotypes. There were also significant differences in investigated parameters of the control and low temperature treatments of four periods ( Table 4) . Decreases were reported in chlorophyll a, chlorophyll b and total chlorophyll contents of bean and tomato plants under abiotic stress conditions (Terzi et al., 2010; Şensoy, 2016, 2017; Alp and Kabay, 2017) . Similar findings were reported in literature about the effects of different low temperatures. It was reported in a previous study investigating the effects of low temperature stress on physiological characteristics of tomato genotypes that cold stress reduced chlorophyll and dry matter content of young and old leaves (Gökmen, 2006) . Low temperatures increased chlorophyll and weight losses of cabbages (Soengas et al., 2018) . Cold stress decreased photosynthetic processes of tea leaves, but melatonin treatments reduced antioxidant potential and oxidative stress and increased photosynthetic capacity (Li et al., 2018) . Low temperatures (14/12 °C) altered osmatic potential of maize leaf cells and ultimately altered cell membrane composition (Bilska-kos et al., 2017).
In control groups, significant increases were observed in potassium (K), calcium (Ca) and Magnesium (Mg) content of bean (Phaseolus vulgaris) genotypes in four periods. The changes in K, Ca and MG content of bean genotypes under low temperature stress were also found to be significant and K, Ca and Mg contents decreased in four periods. Such decreases were greater in stress-sensitive genotypes (Tables 5-7 ). The decreases in K content of Yakutiye (Y) bean cultivar in the 2 nd and 3rd periods were not found to be significant. The decreases in K content of cv. Zulbiye in the 3 rd and 4 th periods were also not found to be significant ( Tables 6 and 7) . Throughout 4 periods, changes in K, Ca and Mg content of bean genotypes in control and low temperature treatments were found to be significant and ion contents decreased under low temperature stress (Table 8) .
It was reported that low temperature stress negatively influenced leaf cells of maize plants (Bilska-kos et al., 2017) . Low soil temperatures in spring negatively influence seedling growth and development of sensitive bean plants (Elkoca et al., 2005) . Low temperature stress was reported to have negative effects on cold stress-resistant and sensitive sugar cane cultivars (Sun et al., 2017) . It was reported in study carried out to determine total temperature demands of bean plants at different growth stages that the greatest yield was obtained from early July sowings and yields decreased as the sowing time approached to autumn (Yoldaş and Eşiyok, 2009). High and low temperatures (15/8, 20/13, 28/21, 33/23 and 36/26 °C) were applied to tomato plants and it was observed that temperature stress negatively influenced plant growth and development and nutrient uptake (Sung et al., 2015) . In vegetables, low temperatures at root zone generate a stress in water absorption of the roots (Sakamoto and Suzuki, 2015 Significant differences were observed in MDA contents of the bean plants in 4 periods and increases were observed at the end of 4 th period as compared to the 1 st period. Such increases were greater in low temperature sensitive bean genotypes ( Table 7) . Similar changes were also observed in CAT, SOD and APX antioxidative enzyme activities. Increases were observed in CAT, SOD and APX activities of the bean genotypes in 4 periods. Increases were greater in the 4 th period as compared to the 1 st period and increases were also greater in low temperature-sensitive bean genotypes ( Table 9 -12) . With regard to MDA activity, there were significant differences both between the bean genotypes and between the stress periods ( Table 9 ). There were significant differences in superoxide dismutase (SOD) activity of the bean genotypes in the 4 th period of stress. However, the differences in SOD activity of Ç13 and Zulbiye genotypes were not significant different in the 2 nd and 3 rd period of the stress (Table 10 ). There were significant differences in catalase (CAT) activity of both the bean genotypes and the stress periods ( Table 11 ). The changes in CAT activity of Ç30 and Yakutiye bean genotypes were not found to be significant in 2 nd and 3 rd period of stress ( Table 11 ). The differences in ascorbate peroxidase (APX) activity of both the genotypes and the stress periods were also found to be significant (Table 12 ). Both the control and the low temperature treatments yielded significant differences in MDA, CAT, SOD and APX activity of the bean genotypes. Significant increases were observed in MDA, CAT, SOD and APX activities under low temperature stress ( Table 13 ). Xintaimici and Jinyan cucumber (Cucumis sativus L.) cultivars were subjected to two different temperature regimes (15/15 °C and 25/18 °C) under low light intensity and significant increases were reported in leaf superoxide dismutase and less increases were reported in leaf catalase activity (Xu et al., 2008) . Increasing ascorbate peroxidase (APX) and superoxide dismutase (SOD) activities of melon and pumpkin plants were reported under low temperature conditions (Do et al., 2018) .
In process of cold resistance, plants develop different mechanisms against cold stress-induced damages and ultimate die outs or develop such mechanisms to provide cold-tolerance such as physical changes in cell membranes, changes in some soluble http://www.aloki.hu • (Aslantaş et al., 2010) . It was reported in a previous study investigating the effects of low temperature stress on physiological characteristics of tomato genotypes that young and old leaves of the plants were found to be insufficient in antioxidative systems (Gökmen, 2006) . Low temperatures were reported to increase antioxidant enzyme and MDA content of rapeseed plants (Xian et al., 2017) . Low temperatures increased chlorophyll and weight losses of cabbages and increased reactive oxygen species (Soengas et al., 2018) . In a previous study carried out with cold stress resistant and sensitive sugar cane cultivar, cell structure was destructed and cold stress-induced plants had greater MDA, proline, soluble sugar, soluble protein, POD and SOD activity than the control plants (Sun et al., 2017) . It was reported in another study investigating the effects of cold stress on rye and wheat seedlings that cold stress increased antioxidant enzyme activities, proline, sugar and anthocyanins contents of both species (Kolupaev et al., 2016) . Significant decreases were reported in malondialdehyde, proline, peroxidase and catalase activities of control and transgenic tomato plants under cold and low temperature stress (Yu et al., 2015) . While significant increases were reported in antioxidant compound quantities of tomato plants, decreases were reported in chlorophyll contents (Gökmen, 2006) . In present study, significant decreases were observed in chlorophyll, K, Ca and Mg contents and increases were observed in MDA, CAT, SOD and APX activities of bean genotypes under low temperature conditions. Present findings were mostly well complied with the results of similar earlier studies.
Conclusion
Significant differences were observed in chlorophyll contents, enzyme activities and ion contents of low temperature-resistant and sensitive common bean (Phaseolus vulgaris) genotypes throughout cold stress treatments. The decrease in chlorophyll-a, chlorophyll-b, total chlorophyll, K, Ca and Mg contents were greater in low temperature-sensitive bean plants than in low temperature-tolerant plants.
With the progress of cold stress, the MDA content of sensitive genotypes were greater than the MAD contents of tolerant genotypes. On the other hand, tolerant genotypes had greater CAT, SOD and APX antioxidant enzyme activities than the sensitive genotypes. Present findings proved one more time the suitability of the parameters selected to determine the effects of low temperature stress for selection of drought stress-tolerant bean genotypes.
